We survey non-native insects species in whole territory of Slovenia. Data on non-native species were collected in field, and we also used results of projects in which we participated and with overview of literature data in scientific publications. Correspondence Analysis (CA) of data was carried out with the software Statgraphics Centaurion XVI, U.S.A. Up to 254 non-native insect species are present: around 83% are phytophagous (43% feed on woody plants, 40% on other plants); around 12% are non-phytophagous; and 5% are parasitoids or predators of other insects or mammals. Among the phytophagous species, Hemiptera predominates (with 38.2%), followed by Coleoptera (29.8%) and Lepidoptera (14.5%). Non-native insects that do not feed on plants include Coleoptera (80%), Lepidoptera (6.5%), Hymenoptera (6.5%) and Diptera (6.5%). Most of phytophagous species are associated with introduction of plants on which they are specialists, but some have also shifted from introduced to native plant hosts. 36 non-native phytophagous species (14.17% of all non-native insects) have become harmful plant pests of urban trees and crops. 20 appear on woody plants, but only Dryocosmus kuriphilus, appears in urban forest areas. In the past decades species such as D. kuriphilus, Leptoglossus occidentalis, Xylosandrus germanus, Gnathotrichus materiarius, Dasineura gledichiae, Phyllonorycter issikii, Cinara curvipes, Ophiomyia kwansonis have been recorded in parks and forests. Some non-native species are spreading in Slovenian urban forests and affect economic, ecological and other forest and urban forest functions. The number of harmful insects in forests is extremely small probably due to high diversity of the forest ecosystem, where close-to-nature forest management is practiced, 
Introduction

Species Biodiversity of Slovenia and Ecosystem Health
Slovenia is known for very high species diversity. Ecological conditions are extremely diverse due to the intertwining of different climatic, tectonic, edaphic, orographic, lithologic and other elements; consequently, it is considered a transitional or ecotonic region. Slovenia is the habitat of more than 15,000 animal species, 6000 plant species and 5000 fungi species. With a forest cover of 58.4%
(1,184,526 ha) it is among the most forested European countries. In only 4.9% of national territory, the distance from one forest to the nearest forest exceeds 500 m (Hočevar, 2003) . Analysis covering the period from 1875 shows that the forest area is constantly increasing. Forest vegetation structure is highly diverse. Most forests are located within beech (44%), fir-beech (15%), thermophile deciduous trees and pines (12%), and beech-oak (11%) sites. The forests are relatively well preserved, mainly due to the mountainous character of the terrain and poor accessibility in the past. In only 15% of forests the share of Norway spruce has considerably increased due to spruce planting in the past (Perko, 2004) . The latest forest resource inventory shows deciduous forests cover approximately 39%, coniferous forests 22% and mixed forests 39% of forested area. The most abundant tree species in growing stock are Norway spruce (Picea abies Karst. (L.), 35%), beech (Fagus sylvatica L., 29%), silver fir (Abies alba Mill., 11%), oaks (Quercus spp., 8%) and pines (Pinus spp., 7%) (Beguš, 1999) . Mean growing stock volume was assessed at 282 m 3 /ha (Hočevar, 2003) . The Act on Forests (1993) prescribes how to maintain productiveness and biodiversity of forests.
Forest management goals are based on the principles of sustainability, a multifunctional and cognitive close-to-nature approach. This method of management, among other measures, forbids planting of non-native tree species in the forests.
For example, biodiversity is maintained and increased with planned leaving of dead and dying wood biomass, which is the habitat for saprophytic species of invertebrates, fungi and microorganisms (Speight, 1989 self-regulatory ability to control pests. The result of such management is healthy forest ecosystems which persist, maintain vigour (productivity), organization (biodiversity and predictability) and resilience (time to recovery) (Costanza & Mageau, 2000) . Several studies show that biodiversity is a barrier to ecological invasion (Kennedy, Naeem, Howe, Knops, Tilman, & Reich, 2002; Leung, Finnoff, Shogren, & Lodge, 2005; Hudson, Dobson, & Lafferty, 2006; Csóka, Stone, & Melika, 2017 ).
Non-Native Insects in Slovenia
Among invasive non-native species, plant pathogens and phytophages (insects in particular) significantly impact forests, hence the existence of international agreements and legislation to reduce introduction and spread of such organisms (International Plant Protection Convention and similar EU and Slovenian phytosanitary regulations).
Analysis of non-native insect and mite species introduced to Slovenia in the past two centuries shows that over 130 introduced species are harmful to plants.
More than 50% of these species were identified in the past 20 years; Hemiptera, Lepidoptera, Coleoptera, are the most abundant, followed by Diptera, Thysanoptera, Hymenoptera and Acari. 32.8% of introduced species originate from Asia, 32.1% from North America, 9% from Africa, 9% from South America and Australia, 3.7% from New Zealand and 13.4% originate from the Mediterranean or have unknown origin (Seljak, 2013) . NEOBIOTA Slovenia 2010-2012 project involved the first systematic analysis based on historical and recent data on non-native organisms in Slovenia, including evaluation of individual non-native species (Jogan, 2012) . Our data show that about 212 non-native insects were present in 2016, of which 170 are phytophagous and the rest non-phytophagous (Jurc, 2016 (Kumata, 1963) , Cinara curvipes (Patch, 1912) have been recorded in Slovenian parks and forests (Jurc & Jurc, 2005; Jurc, Poljaković-Pajnik, & Jurc, 2009; Jurc & Jurc, 2010; Jurc, Bojovic, Fernández Fernández, & Jurc, 2012b; Jurc, 2012) . Ophiomyia kwansonis (Jurc, Černý, & Jurc, 2012a) and some other non-phytophagous and parasitoid species of non-native insects have been found on other plants. Some non-native species are spreading in Slovenian urban forests and affect economic, ecological and other forest functions (Repe & Jurc, 2009; Jurc, Bojovic, Fernández Fernández, & Jurc, 2012b) .
Invasive insects can displace native species, but it is often unclear whether the (Majerus, Strawson, & Roy, 2006; Koch, 2003) . The displacement mechanism is not completely understood, it is probably a combination of direct predation of the eggs of native ladybirds and competition by non-native larvae for food.
Of particular interest are species of the Hymenoptera order, which includes important harmful phytophagous species and their parasites or parasitoids such as Neodryinus typhlocybae (Ashmead, 1893) (Hymenoptera: Dryinidae), a parasites of the non-native Metcalfa pruinosa (Say, 1830) , or Diptera Trichopoda pennipes (Fabricius, 1781) (Tachinidae), the natural enemy of Nezara viridula 
Experience with Dryocosmus kuriphilus and Its Parasitoid Torymus sinensis in Slovenia
The experience with oriental chestnut gall wasp Dryocosmus kuriphilus Yasumatsu, 1951 (Hymenoptera: Cynipidae), which causes damage on Castanea spp.
in Asia, the eastern United States and, more recently, in Europe, is instructive. 
Materials and Methods
Collection of Data in Sources of Data on Non-Native Insects in Slovenia
Data on non-native insect species were collected with overview of literature data in scientific publications (Google Scholar, ResearchGate, ALARM:
http://www.alarmproject.net/, NOBANIS: http://www.nobanis.org/, DAISIE:
http://www.europe-aliens.org/, NAL Catalog (AGRICOLA), EPPO Global Database, COBISS.si and others. We also used results of projects in which we par- We analysed the infestation of D. kuriphilus with the non-native parasitoid wasp T. sinensis. Galls created in current year and galls from previous year were collected with scisors from C. sativa multiple times in 2013 and 2014 at three locations (Lipa, Rožnik, Velike Brusnice). After harvesting, galls were placed into entomological boxes and kept at room temperature until October 2015, when hatched specimens were stored in 80% ethanol. Identification of parasitoid T. sinensis was conducted in 2016 with morphological analysis (Kamijo, 1982) and comparison of nucleotide sequences of COI and ITS2 regions for specimens sampled in 2013 (Matošević, Lacković, Melika, Kos, Franić, Kriston et al., 2015; Yara, 2004; Yara, 2006) .
Statistical Analysis
We used Correspondence Analysis (CA) to describe the relationships between two nominal variables in a correspondence table in a low-dimensional space. Correspondence Analysis (CA) was carried out with the software Statgraphics Centaurion XVI (Statistical Graphics Corporation, U.S.A.).
Results and Discussion
Diversity of Non-Native Insects in Slovenia
Up to 254 non-native insect species are present in Slovenia, of which around 211 spp. or 83% are phytophagous (109 spp. or 43% feed on woody plants, 102 spp. or 40% on other plants such as crops, vines, grasses, ferns, ornamental flowering plants or seeds), around 30 spp. or 12% and non-phytophagous (appear on stored food products, fungi, dead wood, guano, saprophags…), 13 spp. or 5% are parasitoids or predators of other insects or mammals.
Hemiptera includes 17 families (most of which belong to Adelgidae and Diaspididae) with 97 spp., Coleoptera 24 families (Chrysomelidae, Nitidulidae) with 75 spp., Lepidoptera 15 families (Gracillariidae) with 37 spp., Diptera 7 families (Cecidomyiidae, Agromyzidae) with 23 spp., Hymenoptera 8 families (Aphelinidae, Cynipidae) with 13 spp., Thysanoptera 1 family with 9 spp.. Among the phytophagous species, Hemiptera (with 38.2%) predominate, followed by Coleoptera (29.8%), Lepidoptera (14.5%), Diptera (9.0%), Hymenoptera (5.1%) and Thysanoptera (3.5%).
Most of phytophagous species are associated with introduction of plants on which they are specialists, but some have also shifted from introduced to native plant hosts (Csóka, Stone, & Melika, 2017 Non-native non-phytophagous insects that feed on fungi, dead wood, guano, plant products or seeds etc. include Coleoptera (80%), Lepidoptera (6.5%), Hymenoptera (6.5%) and Diptera (6.5%).
Comparison of inventory of non-native insects in 2012 and 2017 shows the number of non-phytophagous non-native insects is increasing: 173 species were detected in 2012 (around 63% of species feed on woody plants, 27% feed on other plants and around 10% were non-phytophagous) and 254 species in 2017 (around 43% of species feed on woody plants, around 40% feed on other plants and around 17% are non-phytophagous). The ratio is primarily the result of systematic analysis of materials on non-native species, in particular of Coleoptera species in collections of the Natural History Museum in Ljubljana (Vrezec, Kapla, & Jurc, 2012) , systematic work on groups of sucking insects (Seljak, 2013; Jurc, 2016) , and scientific studies (V4-1439 Development of new methods of detection, diagnostics and prognosis for non-native organisms harmful to forest and Corythucha arcuata (Say, 1832) (Heteroptera: Tingidae) were found (Jurc & Jurc, 2017, in press ). The number of detected non-native parasitoids from the Hymenoptera order and flies has increased as well (Figure 1 ). Non-phytophagous Hymenoptera species are particularly important and represent 6.5% of all non-native species. The group includes parasitoids of non-native and native insect fauna (Neodryinus typhlocybae (Ashmead, 1893) Dryinidae; Adelencyrtus aulacaspidis (Brethes, 1914) Encyrtidae; Aphelinus mali (Haldeman, 1851) Aphelinidae; Aphytis mytilaspidis (Le Baron, 1870) Aphelinidae; Encarsia berlesei (Howard, 1906) Aphelinidae; Isodontia mexicana (Saussure, 1867) Sphecidae, and the parasitoid of D. kuriphilus -Torymus sinensis Kamijo, 1982 (Hymenoptera: Torymidae) .
The Enigma of the Appearances and Spread of T. sinensis
The chestnut gallwasp, D. kuriphilus, is considered as one of the most serious (6.8% of galls were parasitized) (Jurc, Mihajlović, Piškur, & Jurc, 2016) . Of the three locations Lipa is located closest to the area in Italy where the parasitoid was introduced in great numbers in 2005 (Quacchia, Moriya, Bosio, Scapin, & Alma, 2008) . The population of T. sinensis at the location was already very large in the June 2013 sample, in which 18.5% of galls were parasitized. In autumn 2013 T. sinensis was identified in galls samples from all three locations, meaning the parasitoid appeared 125 km from Lipa. In our study, we kept galls from about a year (sampling in October 2014) to two and a half years (sampling in May 2013). In galls occurred in the current year T. sinensis larvae had sufficient time to fully develop and in some samples, we probably also obtained specimens with extended diapause, as reported by Ferracini, Gonella, Ferrari, Saladini, Picciau, Tota et al. (2015) .
Obviously, the T. sinensis population achieved exponential expansion speed 
Conclusion
Introduction of non-native species has been accelerating. The causes are well known: accelerated globalisation of trade in wood and plant products, liberalisation of the Slovenian market since EU accession, and Slovenia being an ecotonic region.
In future increased introduction of non-native insect species is expected; the animals will find favourable living conditions due to climate change, which will reduce competitiveness of native species.
The example of the complex introduction and expansion of D. kuriphilus' parasitoid T. sinensis merits analysis. It illustrates the complexity of natural processes and shows that any interventions, either introduction of non-native parasites or parasitoids for biocontrol of economically harmful target organisms, or use of pesticides, require utmost caution: non-intervention in natural ecosystem processes is sometimes the best choice.
The small number of non-native insect species in Slovenian forests is probably the result of forests' high biodiversity. Local distribution of non-native species depends on abundance of native species: the higher the diversity of native species, the lower the number of non-native species, because higher species diversity improves ecosystem's self-regulation capabilities (Kennedy, Naeem, Howe, Knops, Tilman, & Reich, 2002) .
It is necessary to intensify the study of bioecology of non-native species, the importance of natural enemies in community impacts and biological control to 
